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COMPOSITE AMPUFIEJR 



TECHNICAL FIELD 

5 The present inventicm relates to a composite amplifier, a transmitfcer including 

such an amplifier and a method of driving a composite amplifier. 



BACKGROUND 

10 In many wireless commxmications systems, the power amplifiers in the 

transmitter are required to be veiy linear, in addition to being able to 
simultaneously amplify many radio channels (frequencies) spread across a 
wide bandwidth. They also have to do this efficiently, in order to reduce 
power cons\imption, need for cooling and to increase the lifetime of the 
, 15 amplifiers. Hie linearis is required to be good since nonlinear amplifiers 

would cause leakage of interfering signal energy between channels. 



The amplitude probability density of a mix of sufficiently many independent 
radio firequency (RF) channels, or of a multi-user CDMA signal (CDMA = 

20 Code Division M\iltiple Access), tends to be dose to a Rayleigh distribution 

having a large peak*to-average power ratio, bi order not to compress the 
waveform, the amplifier must be operated ^th the average power badced o£f 
firom the peak power of the amplifier. Since a conventional RP power ampli- 
fier (especially class B) ^nerally has an efficiency proportional to its ou^ut 

tS amplitude, its average efficiency is very low for such signals. 

In response to the low efficiency of conventional linear power amplifiers, 
several methods have been proposed. One of these is the Chireix oulphasing 
method {!], sometimes and in some embodiments called linear amplification 
.!3D using nonlinear components" &INC). These methods have so far been 
\msuccessful in delivering the theoretical h^ efficiency for hig^ peak-to- 
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average ratios and wide bandwidfhs, espedeBy while maintaining high 
linearity and when using practical RP transistors. 

Another attempt to increase efficiency^ in an amplifier system is described in 
5 {2, 3]. However, this ^tem has the drawback tiiat it requires at least 3 

power amplifiers. 



SUMMARY 



10 An object of the present invention is to improve the efficiency of composite 

amplifiers including two power amplifiers connected to a Chireix type output 
network. 

This object is achieved in accordance with the attached claims. 

15 

In one embodiment the present invention drives the power amplifiers forming 
the composite amplifier in two modes, namely a Chireix type outphasing 
mode above a transition point and a linear mode below the transition point. 



20 In another embodiment the present invention drives the power amplifiers in 

a mode combinmg linear and nonlinear drive signals above the transition 
point and a linear mode below the transition point. 



The composite amplifier in accordance voith the present invention requires 
"25 only two power amplifiers, which has several advantages. The composite 

. * amplifier will be easier to design and build, and only two drive signals have 

^ . to be generated. The last point is especially important when using adaptive 

_I techniques (such as digital pre-distortion), since there are fewer adjust- 

ments. 

39 

V: In addition to increasing the efficiency, the solution in accordance with the 

present invention also increases the usable bandwidth and improves linear** 

ity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The invention^ togetiier with further objects and advantages thereof, may best 
be ixnderstood by making reference to the foUowmg description taken together 
5 with the accompanying drawings^ in which: 

Fig, 1 is a block diagram of a prior art Chireix amplifier; 
Fig. 2 is a diagram illustrating drain efficiency versus normalized ouQ>ut 
voltage for a conventional Chireix amplifier; 

Fig. 3 is a diagram comparing transistor current versus normalized 
10 output voltage fi>r a convmtional Chireisc amplifier and a composite amplifier 

in accordance with the present invention; 

Pig. 4 is a diagram similar to Pig. 2 comparing the efficiency of a 
conventional Chirecs amplifier to the efficiency of a composite amplifier in 
accordance with titie present invention; 
15 Pig. 5 is a diagram illustrating the complex nomialized transistor 

currents of a conventional Chireix amplifier and of a composite amplifier in 
accordance with the present invention; 

Fig. 6 is a block diagram of an oemplazy embodiment of a ccmiposite 
amplifier in accordance with the present invention; 
20 Fig. 7 is a block diagram of another exemplary embodimoit of a com^ 

posite amplifier in accordance with the present invention; 

Hg. 8 is a flow chart illustrating an embodiment of the method in 
accordance with the present invention; arui 
-y^ Fig. 9 is a diagram comparisig the drive signal spectrum of the present 

*25 invention to the drive signal spectrum of the prior art. 

DETAILED DESCRIFnON 



In the following description the same reference designations will be used for 
the same or similar elements througliout the figures of the drawings* 
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Furthermore, althoijgh they are not identical, the output networks of both 
Chireix and UNC amplito will be denoted Chiicix type output network or 
combiner. 

Fig. 1 is a block diagram of a conventional Chireix amplifier. The tsenn 
-ouq>hasinr, which is the key method in Chireix and LINC amplifiers, 
geneialty means the method of obtaining ampUtude modulation by combm- 
ing two phase-modulated constant-amplitude signals produced in a signal 
component separator 10. After up-conversion and amplification through RP 
chains 12, 14 (mixers, filters, amplifiers) and power amplifiers 16, 18. the 
outphased signals are combined to form an amplified linear signal in a 
Chireix type output combiner 20. The phases of these constant-amplitude 
outphased signals are chosen so that the result firom their vector-summation 
yields the desired amplitude. Afl ampUtudes from «ro to full ampHtude, as 
well as negative amplitudes, can be obtained in this way. 
The theoretical efficiency of outphasing amplifiers with Chireix type ou^t 
combiners has been derived in [4, 51. the assumption in [4] is that the two 
constituent amplifiers (i.e. transistoi^ or parafiel combinations of transistors) 
are working as dass-B or daas-C amplifiers in saturation. IWs makes them 
act as constant RP voltage souths, and the peak efiBciencgr is assumed to be 
the same as for class-B amplifiers. In (5K the assumed peak efficiency is 
100%. In addition to derndng efficiency calculations for constant-voltage- 
source Chireix amplifiers, reference (51 also states that a similar theoretical 
analyse can be perft»rmed assuming constant-current RF sources. 

A major problem with present CWrdx and LINC amplifiers is the poor effi- 
ciency at low ampUtude levels, as illustrated in Kg. 2. At very low levels the 
efficiency is even worse than for an ordinary dass B amplifier. The reason for 
this is that the power amplifier transistors deliver more RP current than 
necessary (this can be seen in Pig. 3). This RF current is mainly out of phase 
with the transistor RP voltage, which means that Uttlc or no RF power is 
generated (die DC power, however Is mainly proportional to the RF current- 
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In a conventional Chireix amplifier, where the transistors are saturated, the 
drive power at low output levels is the same as at high ou^ut levels. In order 
to keep the transistors saturated, the drive power has to be substantially 
larger than for a class B amplifier. When the peak-to-average ratio of the 
5 signal is high, the average output power has to be backed off, but the 

averse drive power stays the same. In severe cases the average drive power 
can even be as large as the average output power. 

A problem associated with high drive signal levels at low output signal levels 
10 is the phase discontinuity at zero crossings. This leads to vexy high band- 

widths of the drive signals, and limits the usable signal bandwidth, in a 
LINC type amplifiCT this can be solved by using negative amplitudes, but this 
is complicated since the drive signal then is dependent on the phase as well 
as on the amplitude of the desired signal. The method with negiathre ampli- 
15 tudes is not veiy useful in Chirebc amplifiers, because the efficiency will not 

be as good as for positive amplitudes. This is because the compensation 
reactances, used to increase efficiency, will have the wrong sign and actualfy 
decreaise the efBciency instead [5]. 

20 The large bandwidths also increases component requirements in order to get 

high linearity. Imbalances between the signal paths are aLso harder to 
control over wide bandwidths. The hi^ power of the drive signals can also 
possibly cause nonlinearity in an outphasing system by leaking to the 

: ' . output without combining in the ri^t way. Leakage can also be a problem in 

25 systems using lineari^tion equipment, where the nonlinear drive signals in 

this way can reach sensitive nodes used for measuring or cancelk^ 

- : distortions. 



The basic idea of the present invention is to drive the amplifier linearly bdow 
%q a certain transition point. In an ordinary Chireis amplifier the amplitude of 

.: the drive si^ial is constant, and the phase difiference between the amplifiers 

[: is used to generate amplitude modidation at the ou^ut. Below the transition 

point this leads to excessive ctirrent consumption (see Fig. 3), because the 
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voltage and cxurent at each power amjplifier will become more and more out 
of phase. The output power decreasesj but the transistor RF current (which 
can be translated to DC current) wiB not decrease. Thus, at some point 
(defined below) it is better to decreasje the drive, and keep the phase dif- 
ference constant, instead of continuing with outphastag action. 



The described solution is applicable 



to both dissipative (LINC) and non- 



dissipative output networks, althou^jthe efiBciency will not be as good with 
dissipative networks. Fig. 4 is a diagram similar to Fig. 2 comparing the 
efficiency of a conventional Chireix axnplifier to the efiSciency of a <xiznposite 
amplifier in accordance with the present invention. As can be seen from the 
figure, the method in accordance wit^ the present invention increases the 
efficiency below the transidon point T.P. 

In order to generate the dnve ^gnali, it is first nec^ssaxy to calculate the 
transition point where the amplifier! should go from outphasing to linear 
operation. This point can easily be identified in a Chireix amplffier current 
plot (or a plot of amplifier efficiency) as the point where a straight line 
throu^ the origin touches the curtenjt cunre (see Fig. 3). It is also possible to 
calculate the point anafyticaUy. 

Hie drive signals above the transition point are the same as for a conven- 
tional Chireis: amplifier. Below the transition point the phase difference 
between the drive signals is kept constant, and the amplitude is decreased 
linearly toward zero in order to maximize efficiency. Fig. 5 shows a plot of the 



resultix^ transistor output current^ and, for comparison, the transistor 
output ciiirents for a conventional Chireix amplifier. 

Pig. 6 is a block diagram of an exemplaiy embodiment of a composite amplifier 
in accordance with the present invention- As in the conventional Chireix 
amplifier, the input signal is forwarded to signal component separator 10. 
However, the same input signal is also forwarded to a block 22 that linearfy 
amplifies the signal and provides ijt with a constant phase. A threshold 
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comparator 24 compares the output signal t^^^tStm^^r^ ti^hold 
(transition pointj. If the output signal level exceed the threshold, switches 26. 
28 connect signal component separator 10 to the power amplifiers (as m fee 
conventional Chii«x amplifier). Otherwise switches 26. 28 connect the linear 
5 constant phase signals (ignoring a common phase modulation at the inputj to 

the power amplifiers (there are two output lines firom block 22, since the 
phases of the input signals to the power amplifiers differ in sign). As indicated 
by an antenna, the composite amplifier may be part of a tiansmittor. for 
sample a transmitter in a base station in a cellular mol»le radio commumca- 

10 tion ^stem- 

Kg 7ieabl«acdiagramiltot«tinglh.pA.eipl«rfa™«>««^^ 
compositt ampMcr in ^rfanc with the p«*». ta-ntion. H<mev«. b.S»« 
thi. embodiment of tb. invention i. de.oribed in det«l. flM g-«al pnnc- 
15 pies of this type of composite amplifier be briel^«!d«ine<l. 

The input ^ to the compoMte «i*lffier 9n order to siinpli^r the 

«ons the phase-modulation is ignored, since it onbr adds a common phase) 

may be expressed as 



in accordance with general Chix«x practice, this signal is separated into the 
two constant-ampUtude phase-modulated signals 

Slit)- cos(dif +cos~*^(<)) 
52(f) = cos(fflf - cos"* ^(O) 



Using the trigonometric identities 
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cos(a+ fi)s:^sacosfi—saiasmfl 
cos(a - fi)^ cosacos>9-f sinasin/7 



these signals may be expressed as 



^2(0= ^(f)cosor +sin(cos''* .4(0)sm<w 



Using the identiiy 



cos 



one obtains 



@012 



rj(/)= ^(f)cosfitf-Vl-^^4(fFsm<«sRe. 



I2 JVj _ 



From these expressions linear and non-linear components may be identified 

as 



*M6 18 f538gfct - 



g 2002 -Oh 1 6 

HuvucKoxan Komn 

It is noted that both signals have equal linear components and equal ampli- 
tude non*linear components with opposite signs. 

In some embodiments the non<»linear function may be replaced by 

where fc is a constant that is slightly smaller than the (normalized) satura- 
tion input amplitude. 

In the type of composite amplifier that is illustrated in Fig. 7, the linear and 
non-linear components are individiaally adjusted (to increase cflBciency as 
compared to an ordinary Chirefac amplifier) with respect to amplitude and 
phase and thereafter added together ag^. Several adjustment methods will 
be discussed below. 

A first method of adjusting the phases and amplitudes of the linear and non- 
linear drive signal components is based on emulating the behavior of the 
output network (which is assumed pezfectly balanced) when a constant-volt- 
age condition is imposed on the output transistors. The same voltage 
amplitude, usually the maximnm allowed RF volta^, is used for both 
transistors. 



The complex adjustment factors for the linear parts are obtained by calcu- 
lating (for example by using a model of the amplifier) the current in each 
transistor output node when the transistor output node voltages are equaL 
This is due to the fisLct that the linear parts of the voltage at the transistors 
should be in phase with each other. If transmission lines are used in the 
output network, the Unear parts should be out of phase in accordance with 
the x>ath difference. 
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Hie complex adjustment factors for the non-linear parts axe obtained by 
calctilating (using the model) the current in each transistor ou^ut node 
when the transistor node voltages are of equal magnitude but of opposite 
sign. This is due to the fact that the non-linear parts of the voltage at the 
5 transistors should be in anti-phase with each other. 



Inspection of the expression for the linear component above, reveals that it is 
actually a scaled version of the input signal. Thus, signal component separa* 
tor 10 from the Chireix amplifier is actually not required tx> produce this 
10 signal. Instead only non-linear component generators are required. 



Returning to Fig. 7, the linear drive signal components hi, Ia are produced 
by amplitude-phase adjusters 30, 32 directly from the input signal. Simi- 
larly, the non-Unear drive signal components aze generated by amplitude- 

15 phase adjusters 34, 36. If the equations above for the non-linear compo- 

nents Ni, N2 were to be followed strictly, the amplitude would follow the full 
quarter circle indicated in blocks 34, 36 (or the corresponding curve repre- 
sented by the modified equations includijc^ the factor ft). However, in 
accordance with the present inv^tion the amplitude dependence shoxdd be 

2C linear up to the transition point and follow the circle s^ment only after 

the transition point. Since the output signals from blocks 34, 36 are equal to 
Ni and N2 only above the transition point, they are denoted "^li" and "Vz", 
respectively, in Pig. 7. 

:25 The adjusted linear and non-linear drive signal components are added in 

adders 38 and 40, respective^, and then forwrarded to RF chains 12, 14. In 
an analog embodiment adders 44, 46 may, for eicample, be realized as 
hybrids. In a digital embodiment they are digital adders. As indicated by an 
antexma, the composite amplifier may be part of a transmitter, for example a 
"JO transmitter in a base station in a cellular mobfle mdio communication system. 



Fig. 8 is a flow chart illustrating an embodiment of the method in accordance 
with the present invention. Step SI tests whether the output signal level is 



^ PAIENTVERKET 12015 

bilL t PatQnt- odi reg.veitet 
2002 -01- 1 

Huvudfoxm Kgusqa 

above the transition point. If this is the case, stBp S2 drives the power amplifi- 
ers by outphased drive signals. Othergwse step S3 drives the power amplifiers 
by linear signals. 

5 Fig. 9 is a diagram compariag tiie drive dgnal spectrum of the present invention to the drive 

signal spectrum of the prior art Because fhe drive power is wben the ou^\it amplitude is 
zero, there will be no suddm phase shift in &e drive signal, as in the prior art, vAddi greatly 
reduces the drive signal bandwidth, as shown in Fig. 9. The reduced drive signal bandwidth 
expansion makes it possible to increase die osefid signal bandwidth. Lower drive bandwidth 
10 can also give better linearity, because balance between die two padis only has to be achieved 

over a smaller fiequency range. Due to the linear drive at low amplitudes, the avmge drive 
pow^ win also be lower, xfMdk will reduce the beat dissipated in die driver, and thereby total 
systCTi efficiency. 



02 01/16 13:16 FAX -t>46 18^^050 AROS P/iTENT AB 

+4S 18 1^30OT • * 



11 



15 In the description above it has been assumed that the power amplifiers are 

driven as class B amplifiers below the transition point. Although this is the 
presently preferred embodiment, it is also feasible to drive them as, for 
example class AB amplifiers* A more general criterion is that they should 
preferably be driven as reduced conduction angle amplifiers below the 

20 transition point. 



It will be understood by those skilled in the art that various modifications 
and changes may be made to the present invention without departure firom 
the scope thereof, which is defined by the appended claims. 
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1, A method of driving a composite amplifier including two power amplifiers 
connected to a Chireix type output network, characterized by driving both 

5 power amplifiers to produce power amplifier currents having an amplitude 

that varies linearly with input signal amplitude for output signal amplitudes 
below a predetermined transition point. 

2. The metiiod of claim 1, ehastaeteilced by driving said power amplifiers by 
10 outphased drive signals for output signal amplitudes above said transition 

point. 



3. The method of claim 2» chafacterixed by driving said power amplifiers by 
drive signals having a phase that maximizes efficiency for ou^ut signal 
15 amplitudes bdow said transition poinL 



4. Ihe method of claim 1« €:haraeteri2ed by driving said power amplifiers fay 
a combination of linear and non-linear drive signals for output signal 
amiditudes above said transition point. 

20 

5. The method of any of the preceding claims 1-4, ehaxacterised by driving 
said power amplifiers as reduced conduction az^^ amplifies for output signal 
amplitudes below said transition point. 

»25 6. The method of claim 5, characterized by driving said power azi^>Iifiers as 

class B amplifiers for output signal amplitudes below said transition point. 

7. The method of claim 5, characterized fay driving said power amplifiers as 
. class AB amplifiers for output signal amplitudes below said transition point. 

-30 

£ 8. A composite amplifier including two power amplifiers connected to a 

Chircbc type output network, characterized by means (22, 24, 26, 28; SO, 
32, 34, 36, 38, 40) for driving both power amplifiers to produce power 
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amplifier currents having an amplitude that varies linearly with input signal 
amplitude for output signal amplitudes below a predetermined transition 
point. 

9. Tht amplifier of cledm S, dutacterised by means (22, 24, 26« 28) for 
driving said power amplifiers by outphased drive signals for ou^ut signal 
amplitudes above said transition point. 



10. The amplifier of claim 9, ehaneteiised by means (22) for driving said 
10 power amplifiers by drive signals having a phase that znaximizes eSiciency 

for output signal amplitudes below said transition point. 



11. The amplifier of claim 8, diaiacteri»di by means (30, 32, 34, 36, 38, 
40) for driving said power amplifiers by a combination of linear and non- 

IS linear drive sigi^s for output signal anq>litudes above said transidon point 

12. The amplifier of any of the preceding claims 8*11, cbancterised by 

means (22, 24, 26, 28; 30, 32, 34, 36, 38, 40) for driving said power amplifi- 
ers as reduced conduction angle amplifiers for output signal amplitudes below 
2 0 said transition point. 



13. The amplifier of claim 12, cbacBjetetiwd by means (22, 24. 26, 28; 30, 
32, 34, 36, 38, 40) for driving said power amplifiers as dass B amplifiers for 
output signal amplitudes below said transition point 

ds 

m 
m 

- 14. The amplifier of claim 12, characterized by means (22, 24, 26, 28; 30, 

\ " 32, 34, 36, 38, 40) for driving said power amplifiers as class AB amplifiers for 

'* *| output signal amplitudes below said transition point. 

• « « 

15. A transmitter including a composite amplifier having two power amplifi- 
y \ ers connected to a Chireix type output network, characterised by means 

(22, 24, 26, 28; 30, 32, 34, 36, 38, 40) for driving both power amplifiers to 
produce power amplifier curr^ts having an amplitude that varies Unearly 
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with input signal amplitude for output signal amplitudes below a predeter- 
mined transition point. 

16. The transmitter of claim 15, dbaneteiiBed by means (22, 24, 26» 28) for 
driving said power amplifiers fay outphased drive signals for ou^nit signal 
amplitudes above said transition point. 

17. The transmitter of claim 16, chaiacterlaBed by means (22) for driving 
said power amplifiers by drive signals having a phase that maximizes 
efEkiencsr for output signal amplitudes below said transition point* 

18. The transmitter of claim 15, ehaiaetertoed 1^ means (30, 32, 34, 36» 38, 
40) for driving said povrer amplifiers 1^ a combixiation of linear and non- 
linear drive signals for output ^^gnal amplitudes above said transition point. 

19. The transmitter of any of Ihe preceding claims 15-18, chasaeterbsed by 
means (22, 24, 26, 28; 30, 32, 34, 36, 38, 40) for driving said power amplifi- 
ers as reduced conduction angle amplifiers for output signal amplitudes below 
said transition point. 

20. The transmitter of claim 19, diaiacterized by means (22, 24, 26, 28; 30, 
32, 34, 36, 38, 40) for driving said power amplifiers as class B amplifiers for 
output signal amplitudes below said transition point. 

21. The transmitter of claim 19, characterised by means (22, 24, 26, 28; 30, 
32, 34, 36, 38, 40) for driving said power amplifiers ^ class AB amplifiers 
for output signal amplitudes below.said transition point. 



BEST AVAILABLE COPY 



'02 01 /16 15; 17 FAX i-46 IS^ PoSO fflOS P/KENT AB ^^AiraTVERKET Q020 

446 18 iSSBBQ \ 



2002 -OV 1 6 

U.S. CLAIMS 



1. A method of driving a composite amplifier including two power amplifiers 
connected to a Chireix type ou^ut network, including the step of driving 

5 both power amplifiers to produce power amplifier currents having an 

amplitude that varies linear^ with input signal amplitude for output signal 
amplitudes below a predetermined transition point. 

2. The method of claim I, including the step of driving said power amplifiers 
10 by outphased drive signals for output signal amplitudes above said transi* 

tion point. 

3. The method of daim 2, including the step of driving ^d power amplifiers 
by drive signals having a phase that znaximizes efficiency for output signal 

1 5 amplitudes below said transition point* 



4. The method of claim 1, including the step of driving said power amplifiers 
by a combination of linear and non-Unear drive signals for ou^ut signal 
amplitudes above said transition point. 

20 

5. The method of any of the preceding claims 1-4, including the step of driving 
said power amplifiers as reduced conduction an^ amplifiers for output signal 
amplitudes below said transition point. 

"25 6. The method of claim 5, including the step of driving said power amplifiers 

. ] as class B amplifiers for output s^nal amplitudes below said transition point. 



7. The method of claim 5, including the step of driving said power amplifiers 
as class AB amplifiers for output signal amplitudes below said transition 
point* 
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8. A composite amplifier including two power amplifiers connected to a 
Chireix type output network^ ^dudix^ means for driving botb power 
amplifiers to pxoduce power atnptifier currmts having an amplitude that 



varies linearty^ wi& input ssgoal amplitude for output signal amplitudes 
below a predetermined transition boint. 



9. The amplifier of claim 8, 
by outphased drive signals for 
tion point. 



inducting means for driving said power amplifiers 
signal amplitudes above said transi- 



output 



10. The amplifier of claim 9, 
ers by drive signals having a 
signal amplitudes below said 



1 1. The amplifier of claim 8, 
ers by a combination of linear 
amplitudes above said transition 



incliiiding means for driving said power amplifi- 
p iase that maximizes efi&ciency for output 
transition point. 



incl^dix^ means for driving said power amplifi- 
and non-linear drive signals for output signal 



:>oint. 



12. The amplifier of any of the preceding claims 8-11 » including means for 
driving said power amplifiers as reduced conduction angle amplifiers for 
output sig^al amplitudes below said transition point. 



13. Tlie amplifier of claim 12, including 
ers as class B amplifiers for output 
point. 



14. The amplifier of claim 12, inc 
ers as class AB amplifiers for 
point. 



means for driving said power amplifi- 
signal amplitudes below said transition 



uding means for driving said power amplifi- 
signal amplitudes below said transition 



output 



15, A transmitter including a composite amplifier having two power amplifi- 
ers connected to a Chiretx type output network^ including means for driving 
both power amplifiers to produce power amplifier currents having an 
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axxxplitude that varies Snearly vdtti input signal amplitude for output s^nal 
amplitudes below a pTedetermmed transition point* 

16. The transmitter of claim 15> including means for driving said power 
5 amplifiers by outphased drive sigpals for output signal amplitudes above 

said transition point. 

17. The transmitter of claim 16, including means for driving said power 
amplifiers by drive s^pials having a phase that masamizes efficiency for 

10 output signal amplitudes bdow said transition point. 

18- The transmitter of clsdm 15, including means for driving said power 
amplifiers by a combination of linear and non-linear drive signals for output 
signal amplitudes above said transition point. 

15 

19. The transmitter of any of the preceding claims 15-18, including means for 
driving said power amplifiers as reduced conduction angle amplr&ers for 
output signal amplitudes below said transition point. 

20 20. The transmitter of claim 19, including means for driving said power 

amplifiers as class B amplifiers for output signal amplitudes below said 
transition point. 



21. The transmitter of claim 19^ including means fcnr driving said power 
amplifiers as class AB amplifiers for output signal amplitudes below said 
transition point. 



M 
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ABSTRACT 

A composite amplifier includes two power amplifiers (16, 18) connected to a 
Chireix type output network (20). Means (22, 24, 26, 28) are provided for 
5 driving the power amplifiers to produce power amplifier currents having 

amplitudes that vary linearly with input signal amplitude for output s^;nai 
amplitudes below a predetermined transition point. 



10 (Fig. 6) 
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